We devised a multiplex polymerase chain reaction (PCR) amplification and loading system for the convenient typing of 168 short tandem repeat (STR) polymorphic markers in a commercially available screening primer set for human linkage analysis. We genotyped all these 168 STR loci with 32 healthy unrelated Japanese, calculated allele frequencies at each STR locus, and performed three kinds of tests for Hardy-Weinberg equilibrium (HWE). Significant deviations from HWE in all three tests were observed at only three loci, and the average heterozygosity in the Japanese (0.733) was slightly lower than that in Caucasians (0.773). We also examined 32 Caucasians at some selected loci, to be compared with Japanese. Some markers showed greatly different heterozygosities or allelic distributions in Japanese and Caucasian populations. In two groups of STRs, those with and without irregular alleles (or interalleles), the former had a higher proportion of bimodal allelic distribution and possessed more alleles per locus than the latter. However, no significant differences in the observed and expected heterozygosities, or in the powers of discrimination, were found between the two groups. The present basic study of allele frequency databases of these STRs will contribute to further applications in forensic science and human genetics.
Introduction
Short tandem repeat (STR) polymorphisms are widely used in various scientific fields, such as linkage analyses and diversity studies in human genetics, and personal identification and paternity tests in forensic science (Wijmenga et al. 1990; Schellenberg et al. 1992; Bowcock et al. 1994; Micka et al. 1996 ; Thomson et al. 1999 ), because they have relatively high heterozygosities and are more easily genotyped than other chromosomal markers. More than one million STRs (one/2 kb) are widely distributed in the whole human genome (International Human Genome Sequencing Consortium 2001) , and most of them consist of dinucleotide repeats, in particular, CA repeats (Gyapay et al. 1994) . Although these dinucleotide STRs are most commonly used for genetic linkage mapping, there are some problems in genotyping, caused by their artifactual "stutter" bands, particularly in the sizing of heterozygous samples and/or mixed samples. Therefore, tetranucleotide STRs showing smaller "stutter" bands are mainly used in forensic practice (Micka et al. 1996 ; Thomson et al. 1999; Yamamoto et al. 1999; Sweet and Hildebrand 1999) .
Dubovsky et al. created a set of STRs for the genetic linkage mapping of disease loci by combining highly polymorphic STRs that are distributed evenly throughout the human genome (Dubovsky et al. 1995) . The first version of this set included a high percentage (49%) of dinucleotide STRs. The latest version of the screening set, the Human MapPair screening set 8A, contains 168 STR markers, spaced at an average genetic distance of 25 cM throughout the entire human genome. Most of the dinucleotide STRs were replaced by tetranucleotide STRs in this set, and this set consists of a high percentage (83%) of tetranucleotide STRs, allowing greater accuracy in the determination of their repeat sizes.
We investigated allele frequency distributions and heterozygosities at all 168 STR markers in the screening set 8A in the Japanese population. The results could be useful for the genetic mapping of human diseases, for forensic applications, and for studies of population genetics, such as the origin of the Japanese.
Materials and methods
Blood samples were obtained, with written informed consent, from 32 healthy unrelated Japanese volunteers (undergraduate students at our medical school who lived in or near Nagoya city). DNA was extracted from each sample as described previously (Tamaki et al. 1991) . The 168 markers were genotyped using each primer set in the screening set 8A (Research Genetics, Huntsville, AL, USA), each one of which is labeled with any one of three different fluorescentcolored dyes (FAM, HEX, and TET). We divided these primer sets into groups that could be amplified in a single PCR tube (Table 1) , and then performed multiplex PCR amplification. The PCR mixture (10 µl) contained 1 ϫ PCR Gold Buffer, 1.5 mM MgCl 2 , 200 µM of each dNTP, 2.4 pmol of each STR primer set, 0.25 unit AmpliTaq Gold polymerase (Perkin-Elmer, Norwalk, CT, USA), and 10 ng of template DNA. Thermal cycling protocols began with 95°C for 11 min and then 26 cycles at 94°C for 45 s, 57°C for 45 s, and 72°C for 60 s, followed by 72°C for 15 min. One µl of each of the PCR set products was mixed into 24.5 µl of deionized formamide and 0.5 µl of GeneScan-500 [TAMRA] Size Standard (PE Applied Biosystems, Foster City, CA, USA), according to the loading panel shown in Table 1 . For example, for loading panel 1, 1 µl of each of the PCR set 1, 2, 3, and 4 products was mixed together into the formamide and standard mixture. Allels were separated in the POP-4 polymer (PE Applied Biosystems) with the GS STR POP 4 (1 mL) C Module, by capillary electrophoresis, using the Genetic Analyzer 310 (PE Applied Biosystems). Allele sizes for each STR were determined on the basis of sizing data analyzed by GeneScan Analysis software (PE Applied Biosystems). For some representative loci, we also examined 64 Caucasian chromosomes to calculate allele frequencies at each locus, and compared each allele frequency in Japanese and Caucasians, using the software GENEPOP 3.1b (Raymond and Rousset 1995) . The Caucasian DNA samples (from the United Kingdom) were kindly provided by Dr. Yuri E. Dubrova, at the University of Leicester.
Tests for Hardy-Weinberg equilibrium (HWE) were carried out using a homozygosity test (Weir 1992) , a likelihood ratio test (Chakraborty et al. 1991) , and an exact test (Guo and Thompson 1992) . As statistical properties, the observed heterozygosity, the unbiased estimates of expected heterozygosity (Edwards et al. 1992) , and the power of discrimination (Fisher 1951) were calculated. Heterozygosities in Caucasians were obtained from the Research Genetics website (http://www.resgen.com), which does not give details about the source of these samples. The sequence data for each STR were obtained from the Genome Data base (GDB; http://gdbwww.gdb.org), the Cooperative Human Linkage Center (CHLC; http://lpg.nci.nih.gov/CHLC) and other organizations, and served for our reference to determine sizes at each STR locus.
Results and discussion
The 168 STR markers were grouped into 103 temporary multiplex PCR sets for genotyping by multiloading performed 21 times (Table 1) . From the result of sizing, we temporarily named the shortest allele observed in the Japanese population at each locus as allele 1, and the larger alleles following at every repeat as alleles 2, 3, 4, 5, . . . in order, taking into consideration the sequence data from the websites noted above. The irregular alleles observed were named according to an established recommendation (Gill et al. 1997) . Using this temporary nomenclature for alleles, we genotyped and calculated allele frequencies at each locus. From these frequencies, three kinds of tests (the homozygosity test, likelihood ratio test, exact test) were performed to check deviation from HWE. The allele frequencies deviated from HWE (P values fell to less than 0.05) for 8 loci in the homozygosity test, 11 loci in the likelihood ratio test, and 13 loci in the exact test. However, it was only at 3 loci (D7S3051, D19S586, and D1S1588) that significant deviations from HWE were observed with all three tests. Furthermore, of the 8 loci whose P values were less than 0.05 in the homozygosity test, 5 showed very low observed heterozygosities (Ͻ0.60), resulting in large differences between the observed and expected heterozygosities. These results may have been caused by a contingent event, sampling error, or population substructure. An investigation using more samples would, presumably, explain this result. Table 1 summarizes the size ranges, numbers of alleles, statistical properties of the 168 markers in the Japanese population, and the observed heterozygosity in Caucasians obtained from the Research Genetics website. The observed heterozygosity at 158 autosomal STRs ranged from 0.38 to 0.94 in the Japanese population, varying more widely than among Caucasians. The mean observed heterozygosity was 0.733, slightly below that in Caucasians (0.773). In some markers, the heterozygosity in the Japanese population was very different from that in the Caucasian population. For example, heterozygosities at D1S1588 and D18S481 were 0.38 and 0.91 in Japanese, against 0.68 and 0.76, respectively, in Caucasians. Spearman's correlation coefficient (Siegel 1956 ) between Japanese and Caucasians was 0.372, indicating considerably different allele distributions in the two populations. These results suggest the necessity of making a database for each population. We also calculated the expected heterozygosity at each locus, and found a mean value of 0.747. The variance of the expected heterozygosities (SD, 0.086) was significantly smaller than that of the observed heterozygosities (SD, 0.111). Figure 1 summarizes the distribution of the observed and expected heterozygosities in Japanese and the observed heterozygosity in Caucasians. Comparison of the Japanese allelic distributions with those of Caucasians at some representative loci showed a significant difference (P Ͻ 0.05) at almost all loci, using the software GENEPOP 3.1b (examples are shown in Fig. 2 ). Two alleles (alleles 1 and 2) of the D7S1823 locus are much more frequent in Japanese than in Caucasians. The most frequent allele, allele 4, at D2S2976 reached a frequency of 72% in Japanese, but the frequency was only 28% in Caucasians. The heterozygosity at this locus was only 0.53 in Japanese, against 0.84 in Caucasians. At the GATA184A08 marker, the Japanese alleles were distributed more equally than the Caucasian alleles.
On the other hand, D13S894 showed very similar allelic distributions in both populations. At the three loci D7S1823, D2S2976, and GATA184A08, significant differences (P Ͻ 0.05) were observed between Japanese and Caucasians, while no significant differences were seen at the D13S894 locus. We divided 130 autosomal tetranucleotide STRs in the screening set into two groups; those with and those without irregular alleles. One group consisted of 19 loci with irregular alleles found in this study, and the other group consisted of the other 111 loci, without irregular alleles. Comparison of the allele frequency distributions (Table 2) revealed that most of the loci with irregular alleles (79%) had two or more peaks of allele frequency distribution, while most of the loci without irregular alleles (76%) showed single-peak allele frequency distribution. The number of alleles per locus was also larger in loci with irregular alleles (9.5) than in loci without irregular alleles (6.6). There were, however, no significant differences among observed heterozygosities, expected heterozygosities, and powers of discrimination between the two groups. Figure 3 shows a typical example of the allele distribution locus in each group. Although the number of alleles at D3S2427 showing bimodal distribution was about twice more than that at D6S1056, showing almost equal allele frequency at each allele except allele 1, both loci had very high observed heterozygosities (0.88 at D3S2427 and 0.94 at D6S1056). Also, no significant differences concerning the proportion of loci departing from HWE were found between STR loci with and without irregular alleles. Therefore, STR loci without irregular alleles are preferable for use in practice because of their simplicity and convenience in typing.
The present study provides basic data for investigating linkage analyses in genetic diseases and for use in forensic practice (e.g., in personal identification and paternity tests). Consequently, this database would be useful for selecting STR loci suitable for forensic applications in the Japanese population, and for constructing an optimal multiplex STR typing system. Furthermore, a future comparative study of these STR loci in Japanese and other ethnic populations would give precise information about their genetic relationships. 
